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ABSTRACT 


^Three  methodologies  from  which  to  approach  the  problem 
of  preliminary  helicopter  design  are  explored  in  this  paper. 
The  first  is  a  sensitivity  analysis  of  the  basic  helicopter 
performance  equations.  The  purpose  here  is  to  ascertain 
where  reasonable  simplifications  can  be  made  that  do  not 
seriously  degrade  the  accuracy  of  the  results.  The  second 
is  a  graphical  parametric  design  method,  known  as  Carpet 
Plots.  In  this  method  a  graphical  solution  is  developed 
to  meet  the  design  criteria  of  the  helicopter.  In  the 
third,  an  overview  of  Boeing  Vertol's  Helicopter  Sizing  and 
Performance  Computer  Program  is  given.  The  computer 
routines  which  enable  a  person  to  access  HESCOMP  on  the 
Naval  Postgraduate  School  main  frame  IBM  system  are  also 
provided. 
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I.  INTROMJCTION 


A.  GENERAL 

The  helicopter  design  process,  the  subject  of  numerous 
articles  and  studies  is  an  evolving  discipline  that  borders 
on  being  an  art.  A  successful  design  must  balance  the 
user's  needs  and  desires  against  practical  capabilities. 

With  the  introduction  of  composite  materials  and  new 
technologies,  principally  in  rotor  and  engine  performance, 
significant  advances  have  been  made  in  helicopter  capabil¬ 
ities.  In  some  instances,  the  performances  of  hybrid 
helicopter  designs  rivals  that  of  a  similarly  sized  conven¬ 
tional  aircraft.  For  example,  the  YVX,  a  joint  Boeing-Bell 
venture,  will  have  the  hover  and  low  speed  capabilities 
of  a  helicopter  while  being  able  to  cruise  at  300  knots. 

Viable  commercial  and  military  helicopter  designs  are 
only  thirty  years  old.  The  first  major  use  of  helicopters 
occurred  during  the  Korean  conflict.  To  put  this  in 
perspective,  the  first  large  scale  use  of  conventional  type 
aircraft  was  in  World  War  I. 

Helicopter  design  can  proceed  on  a  number  of  different 
levels,  ranging  from  comprehensive  computer  design  programs 
to  preliminary  analysis  using  simplifications  of  the  basic 
performance  equations.  Each  has  its  merit  and  place. 
Computer-aided  design  provides  a  great  deal  of  data. 


»  i  »y  n»ipn  t*T*Y*T*T 


Generally,  these  programs  integrate  aircraft  configuration 
sizing,  performance  and  weight  calculations  in  an  iterative 
process.  An  example  of  a  computer  design  program  for  heli¬ 
copters  is  the  Helicopter  Sizing  and  Performance  Computer 
Program  [HESCOMP] ,  orginally  developed  by  Boeing- Vertol 
for  NASA.  This  program  is  currently  used  as  a  wide  number 
of  institutions  conducting  studies  in  helicopter  design. 

On  the  opposite  end  of  the  spectrum  would  be  sensitivity 
design  studies  using  the  performance  equations.  Surprisingly 
accurate  simplications  of  these  equations  can  be  made.  This 
provides  the  designer  with  an  excellent  method  for  doing 
first  cut  preliminary  helicopter  sizing  at  a  low  cost. 


B.  OBJECTIVE 


This  report  is  an  investigation  of  several  of  the 
methods  employed  in  the  preliminary  design  of  a  helicopter. 
Conceptually,  the  report  can  be  divided  into  three  parts. 

In  the  first  section,  a  sensitivity  analysis  of  the  basic 
performance  equations  is  performed.  The  purpose  here  is  to 
ascertain  where  reasonable  simplications  can  be  made 
that  do  not  seriously  degrade  the  accuracy  of  the  result. 

In  the  second  section  a  graphical  method  of  doing 
parametric  design  studies,  known  as  Carpet  Plots,  is 
developed.  This  method  allows  the  user  to  formulate  a 
graphical  solution  matrix  to  meet  the  design  criteria 
specified  for  the  helicopter.  Carpet  Plots  are 
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particularly  instructive  since  they  give  visual  insight 
into  the  interplay  of  the  various  design  parameters. 

In  the  last  section,  an  overview  of  HESCOMP  is  given. 
Programs  are  developed  which  enable  a  person  to  access 
HESCOMP  on  the  Naval  Postgraduate  School  Main  Frame  IBM 
system. 
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II.  SENSITIVITY  ANALYSES  OF  BASIC 


A.  DESCRIPTION  OF  PROBLEM 

In  preliminary  helicopter  design,  there  ere  a  number  of 
instances  where  a  quick  first  cut  analysis  would  be 
extremely  helpful.  This  is  especially  true  in  determining 
the  preliminary  size  of  the  helicopter  required  to  meet 
the  specifications. 

Historically,  there  are  a  number  of  variables  in  the 
performance  equations  of  helicopters  which  may  be  treated 
as  constants.  This  may  allow  for  significant  simplifica¬ 
tions  and  aid  in  the  preliminary  design  process. 

In  this  section,  a  sensitivity  analysis  of  the  per¬ 
formance  equations  is  done.  In  a  sensitivity  analysis, 
each  parameter  [or  variable]  is  varied  in  order  to  deter¬ 
mine  its  effect  on  the  equation.  Variables  which  are 
shown  to  have  little  effect  may  be  treated  as  constants  and 
the  equation  simplified  accordingly. 


B.  SOLIDITY 

Solidity,  a  ,  is  the  fraction  of  the  disk  area  that  is 
composed  of  blades.  It  is  a  function  of  b  ,  the  number 
of  blades,  of  a  constant  cord,  c  ,  at  a  radius,  R: 


to 


(2.1) 


v\jd 
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C.  DISK  LOADING: 

Disk  loading  is  defined  as  the  ratio  of  the  weight  to 
the  total  area  of  the  rotor  disk. 


WEIGHT 

“I'REA"" 


f  j  [lb/ft  j 


(2.2) 


D.  POWER  LOADING 

Power  loading  is  the  ratio  of  weight  to  input  power. 


[lb/hp] 


(2.3) 


In  a  hover,  thrust  equals  weight;  this  allows  us  to 
rewrite  the  power  loading  for  the  hover  condition  as 


ROTOR  THRUST 


[lb/hp] 


(2.4) 


E.  COEFFICIENT  OF  THRUST  AND  POWER 

The  coefficient  of  thrust,  C-j,  ,  is  a  non-dimensional 
coefficient  which  facilitates  computations  and  comparisons: 


ttR  p(^R) 


(2.5) 


Similarly,  a  coefficient  of  power,  Cp  ,  has  been 
established  as : 
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ApVn 


•rrR^p  (SIR) 


T 


(2.6) 


No  significant  simplifications  can  be  made  to  either  of 
these  coefficients.  However,  it  should  be  observed  that 
the  coefficient  of  thrust  is  inversely  proportional  to  the 
square  of  the  rotor  tip  velocity,  while  the  coefficient  of 
power  is  inversely  proportional  to  the  cube. 

Assuming  all  other  factors  being  equal,  increasing  the 
rotor  tip  velocity  from  600  fps  to  700  fps  (an  increase  of 
16.7  percent]  will  have  the  following  result  on  these 
coefficients . 


T 

Ap(1.167)Z 

T 

m  . -* . . 

Ap (1 . 361) 


(2.5) 


The  coefficient  of  thrust  is  reduced  by  26.9  percent. 
Similarly^  for  the  coefficient  of  power: 
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Ap (1 . 589) 


The  coefficient  of  power  is  reduced  by  37.1  percent. 


F.  HOVER  POWER 

The  total  power  in  a  hover  is  made  up  of  two  terms, 
profile  power,  PQ  ,  and  induced  power,  P^  . 

Utilizing  black  element  theory  the  profile  power 
required  to  hover  can  be  expressed  as: 


Po  ■  J  ar  Cdo  P  A<nR> 


(2.7) 


The  induced  power  predicted  by  momentum  theory  is: 


P,  "  V<n  T 
x  in 


(2.8) 


,3/2 


- j 

/  2ttPR^ 


The  total  power  required  to  hover  is: 


PT  -  Pi  +  Po 


(2.9) 
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(2.10) 


•t3/2  . 

PT  *  7==  *  T  ar  rdo  P  A«»0* 

/2ttpR^ 

Donald  M.  Layton  in  Helicopter  Performance,  [Ref.  1] , 
found  that  for  the  optimum  hover  power,  the  induced  power 
is  equal  to  twice  the  profile  power.  The  analysis  was 
performed  in  the  following  manner. 

By  assuming  constant  weight,  density,  solidity,  and  an 
average  profile  drag  coefficient,  as  well  as  a  fixed 
rotational  velocity,  equation  (2.10)  reduces  to 

^1  2 

P  "  IT  +  C2R  C2.ll) 

where  and  C2  are  constants. 

As  equation  (2.12)  shows,  profile  power  increases  as 
the  square  of  the  blade  radius  while  the  induced  power 
decreases  with  increasing  blade  radius. 


The  optimum  hover  power  with  respect  to 
can  be  determined  by  taking  the  differential 

equal  to  zero. 

rotor  radius 

and  setting  it 

dP  ^1 

W  "  0  "  '  EJ  +  2  C2R 

(2.12A) 

or 

F"  "  2  C2r2 

(2.12B) 

which  implies 

Pi  “  2  Po 

(2.12C) 
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G.  HELICOPTER  SIZING 

A  simplified  relationship  between  the  total  power 
required,  gross  weight  and  rotor  radius  can  be  developed  in 
the  following  manner. 

The  total  power  required  to  hover  equation  for  the  main 
rotor  was  developed  in  the  preceding  section  and  is 
repeated  here  for  clarity. 


P.  +  P 
i  o 


(2.9) 


P 


T 


t3/2 

/Inp1 


P7T 


(2.10) 


In  a  hover,  thrust  equals  weight.  Solving  equation 
(2.11)  for  weight  one  obtains: 

W3/2  -  [PT  -  J  o  CdQ  pir  VT3  R2]  SpK  (2.13) 


This  equation  may  be  further  simplified  if  it  is 
assumed  that  the  density,  average  profile  drag  coefficient 
and  tip  velocity  are  constants;  these  are  reasonable  assump¬ 
tions.  Historically,  the  average  profile  drag  coefficient 
of  a  helicopter  has  been  approximately  0.01.  The  operating 
environment  of  today's  helicopters,  especially  military, 
is  below  5,000  feet  agl.  This  allows  for  the  use  of  the 
standard  sea  level  value  for  density  with  little  error. 
Primarily,  due  to  tip  mach  effects,  the  upper  limit  on  the 
rotor  tip  velocity  is  in  the  range  of  700  fps . 
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The  resulting  equation  with  these  assumptions  incor¬ 
porated  into  a  constant,  K  ,  is: 


W  -  [47.527  PT  R  -  Kx  be] 


2/3 


C2.13) 


Equation  (2.13)  can  be  further  reduced  when  the  order 
of  magnitude  of  the  two  terms  is  considered. 


47.527  PT  R  >>  Kx  be 


Thus , 


W 


[47,527  PT  R] 


2/3 


(2.14) 


To  determine  how  accurate  this  simplification  is,  the 
equation  is  used  to  approximate  the  total  weight  of  a 
number  of  helicopters  for  which  the  parameters  are  available. 
As  Table  2.1  indicates,  the  weight  approximation  formula 
yields  values  within  six  percent  of  the  actual  total  weight 
of  these  helicopters. 


H.  FIGURE  OF  MERIT 

A  figure  of  merit,  FM  ,  has  been  defined  for  the 
helicopter  as  the  ratio  of  the  ideal  rotor  induced  power  to 
the  actual  power  required  to  hover,  with  non-uniform  induced 
velocity,  tip  losses  and  profile  drag  power. 
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TABLE  2.1 


HELICOPTER  WEIGHT  COMPARISON 


HELICOPTER 

TOTAL  GROSS 

WEIGHT 

(1000  lbs) 

CALCULATED 

GROSS  WEIGHT 

(1000  lbs) 

PERCENT  OF 

ACTUAL 

GROSS  WEIGHT 

AH-64 

14.66 

14.69 

101% 

UH-1N 

14.20 

13.74 

97% 

H-3H 

21.00 

20.63 

98% 

S76 

10.00 

9.90 

99% 

UH-60A 

20.25 

19.33 

95% 

H-54B 

42.00 

42.00 

100% 

H-53D 

42.00 

41.00 

98% 

H-  53E 


73.50 


69.00 


84% 


In  a  hover,  the  figure  of  merit  may  be  written  as: 


The  figure  of  merit  is  customarilty  plotted  against  the 
quantity  CT/o  .  According  to  Zalesch  [Ref.  2],  CT/cr  ,  is 
proportional  to  the  average  blade  angle  of  attack  and  can 
be  used  as  a  measure  of  rotor  efficiency.  The  curve  in 
Figure  2.1  is  based  on  data  from  Reference  2  for  a  typical 
tail  rotor  helicopter. 

Main  Rotor  Hover  Performance 


Blade  Loading 

Figure  2.1.  FM  Versus  Blade  Loading  CT/a 


Previous  studies  have  shown  that  a  figure  of  merit 
between  0.70  and  0.80  is  considered  average . [Ref .  3] 

If  the  induced  power  is  betwoen  70  and  80  percent  of  the 
total  power,  the  figure  of  merit  will  be  approximately  0.75. 

With  the  figure  of  merit  limited  to  values  between 
0.70  and  0.80,  the  following  simplification  can  be  made, 
assuming  the  hover  condition  of  thrust  equaling  weight  and 
standard  spa  level  conditions: 

w3/2 

FM  ‘  CTTCTTTfK  <2-16> 

For  Navy  helicopter  design,  the  rotor  radius  has  been 
limited  by  flight  deck  spotting  constraints  to  less  than 
30  feet;  the  exception  to  this  is  the  H-3,  R  »  31  feet  and 
the  H-53,  R  *  36  to  38  feet  [depending  on  the  model]. 
However,  these  two  helicopters  work  almost  exclusively  from 
large  air  dedicated  ships  such  as  the  LPH,  LHA  and  CV. 

If  the  small  deck  operating  assumption  is  made, 
equation  (2.16)  can  be  further  simplified  to  [assuming 
R  *  28  feet] : 

p  *  iwrw~m  (2-17) 

An  FM  of  0.80  will  yield  a  P  to  W  relationship  of: 

p  *  W^/2 

rT  “  TTTTT — FTT 
i  X  D  \J  *3  •  O 


(2.18) 


"•T^nr1 


ttt*? 


while  an  M  of  0.70  yields  a  relationship 

w3/2 

P  "  TTIT.TST  (2.19) 

If  equation  (2.17)  is  solved  utilizing  the  approximate 
weight  relationship  developed  earlier  of 

W3/2  -  47.527  PtR  (2. 14) 

a  value  for  the  figure  of  merit  of  0.707  is  obtained.  This 
is  within  the  historical  range  of  values. 

I.  TAIL  ROTOR  SIZING 

A  historical  analysis  of  typical  helicopters  [Ref.  3), 
shows  the  following  empirical  relationship  for  the  tail 
rotor  radius 


I*T  ~  !-3  [T§TOl1/2  Iftl  (2.2°) 

when  comparing  the  results  of  this  equation  with  actual 
tail  rotor  radius  data,  it  was  found  that  if  a  multipli¬ 
cation  factor  of  1,2  is  used  vice  1.3  a  better  approximation 
is  obtained.  The  results  are  tabulated  in  Table  2.2. 


J.  FORWARD  FLIGHT  POWER  CONSIDERATIONS 

The  total  power  in  forward  flight  consists  of  induced, 
profile  and  parasite  power.  If  the  helicopter  is  a  single 
rotor  vehicle,  the  tail  rotor  power  should  be  taken  into 
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HELICOPTER 

TABLE  2.2 

TAIL  ROTOR  SIZING 

ACTUAL  TAIL  ROTOR 

APPROXIMATION  [FT] 

RADIUS  [FT] 

[2.20] 

[2.21] 

AH-64 

4.6 

4.98 

4.59 

UH-1N 

4.3 

4.90 

4.52 

SH-3H 

5.3 

5.95 

5.5 

S-  76 

4.0 

4.11 

3.79 

UH-60A 

5.5 

5.85 

5.4 

CH-53D 

8.0 

8.42 

7.78 

CH-53E 

10.0 

11.15 

10.29 
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account,  as  well  as  all  mechanical  losses  [transmission, 
etc.]  for  accurate  calculations.  However,  a  reasonable 
approximation  can  be  obtained  by  considering  only  the  main 
rotor  and  increasing  this  power  figure  by  several  percent 
to  account  for  these  losses. 

Figure  2.2  is  a  plot  of  the  induced,  profile,  parasite 
and  total  power  curves  for  typical  tail  rotor  helicopter. 

MAIN  ROTOR  POWER 


SSL  CONDITIONS 
OUT  OP  GROUND  EFFECT 


VBUJCTTT  (KNOTS) 


Figure  2.2.  Power  Required  Versus  Forward  Velocity 

The  induced  power  drops  off  rapidly  with  increasing 
forward-velocity,  whereas  the  parasite  power  increases 
rapidly. 

Parasite  power  is  the  power  required  to  overcome  the 
drag  forces  created  by  the  aircraft’s  geometry.  These  drag 
forces  are  due  to  pressure  drag  and  skin  friction. 
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Parasite  drag  is  extremely  sensitive  to  the  helicopter's 
loading.  It  is  generally  a  minimum  for  forward  flight  and 
increases  for  sideways  flight.  Helicopters  are  generally 
streamlined  for  forward  flight  and  the  flat  plate  area  is 
a  minimum  in  this  direction.  The  equation  for  the  parasite 
power  is: 


The  parasite  power  is  a  function  of  the  cube  of  the 
forward  velocity.  As  such,  with  the  advent  of  high  speed 
helicopters  a  great  deal  of  consideration  has  been  placed 
on  streamlining  the  geometric  shape  in  order  to  reduce  this 
power  requirement. 

Blade  element  theory  is  commonly  used  to  develop  the 
profile  power  equation  for  forward  flight.  An  excellent 
development  of  this  equation  is  given  in  Reference  1. 

The  profile  power  equation  in  forward  flight  is: 

P0f  ■  ff  0  cdo  e  A  VT3  U  ♦  4-3  M2]  (2.22) 

Equation  (2.23)  is  a  function  primarily  of  the  main 
rotor  geometry.  The  variable  with  the  most  significance 
is  the  rotor  tip  velocity;  increasing  the  tip  velocity  from 
600  to  700  fps  results  in  a  58.8  percent  increase  in 
profile  power  [assuming  other  factors  are  constant] . 


The  induced  power  is  a  function  of  the  induced  velocity. 
In  a  hover,  the  total  flow  through  the  rotor  system  is 
induced.  As  the  forward  velocity  increases,  the  mass  flow 
rate  through  the  rotor  disc  increases  due  to  the  forward 
translation  of  the  helicopter.  This  reduces  the  induced 
velocity. 

The  equation  for  the  induced  power  requirements  at  all 
forward  velocities  is: 


P  »  T  .  Vit 


(2.2  3) 


where 


vu 


(■ 


Vf2/V2 
- 2— 


IT!  -Tp  \1/2 

y[v£v 2r]  ♦  ij  . 


v  (2.23a) 


At  high  forward  velocities,  the  induced  power  required 
can  be  approximated  as: 


\r 


Pi  =  WVit  "  IfW. 


(2.2  4) 


The  total  power  for  forward  flight  is  the  sum  of  the 
induced,  profile  and  parasite  powers. 


PT  *  Pi  +  Po  +  Pp 


(2.2  5) 
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PT  -  T.Vit  *J.CitpA  Vt3[1  *  4.3  u2] 


(2.25a) 


+  7  p  ff  Vf3 


At  high  forward  velocities,  equation  (2.23)  can  be 
substituted  into  equation  (2.25),  resulting  in: 

PT  '  +  T  0  cdo  p  A  VTSU  *  4-3  ffjl 


*  I  p  ff  vf3 


If  one  makes  the  following  assumptions: 


W  *  const  C^0  ■  const 


p  *  const  o  ”  const 
VT  »  const 


Equation  (2.26)  reduces  to 


(2.26) 


7  7 

PT  9  — i  +  R^  +  P 
1  1 


(2.27) 


The  derivative  of  equation  (2.27)  with  respect  to  radius  is: 


+  2  K2  R 


(2.28) 
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Setting  this  equal  to  zero,  one  obtains: 


•>*/ 

*■  i 

"*3***"  *  ^  ^2  ^  ® 

R 


2K 

f  *  C-  -r-  +  2  K,  R1  -  0 
1  W 


2 

-4  -  k2  r 

R*  L 


P.  -  P 
l  o 


(2.28a) 


(2.28b) 


(2.28c) 


(2 . 28d) 


This  defines  point  of  minimum  total  power  required  for 
VMAX  range.  This  corroborates  with  the  results  obtained  by 
Waldo  Carmona  [Ref.  4]. 

If  the  total  power  required  is  differentiated  with 
respect  to  forward  velocity  and  is  set  equal  to  zero,  it  can 
be  seen  that 


P,  *  3 
i  o 


(2.29) 


r2  3pfV, 


(2.30) 


wfc  wr* 
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Solving  this  equation  for  velocity  results  in: 

1/2 

ft/sec 


7w 

A  \1/21 

lb 

(2.31) 


According  to  Carmona  (Ref.  4] *  this  corresponds  to  the 
best  endurance  velocity. 


K.  DENSITY  EFFECTS  ON  TOTAL  POWER 

The  effect  of  density  on  the  total  power  required  in 
forward  flight  is  as  follows: 

The  general  operating  altitudes  of  a  helicopter  are 
below  10,000  feet.  The  corresponding  ICAO  STANDARD 
ATMOSPHERE  range  for  density  is 

p  -  0.0023769  [lb  sec2/ft4]  SSL 
p  =  0.0017553  [lb  sec2/ft4]  at  10,000  feet 

p/pSSL  varies  from  1  to  .7385. 

The  effect  on  the  components  of  PT  are  as  follows: 
Induced  Power: 


1/p/pSSL  “>  1  to  -yjg-g- 


This  translates  to  a  35  percent  increase  in  the  induced 
power. 
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Parasite  and  Profile  Power: 

Both  parasite  and  profile  powers  are  directly  propor¬ 
tional  to  the  density  ratio.  Therefore,  as  you  go  up  in 

altitude  both  P„  and  P„  are  reduced. 

o  p 


III.  CARPET  PLOT  DESIGN  STUDY 


A.  DESCRIPTION  OF  PROBLEM 

Preliminary  helicopter  design  involves  one  with  a  wide 
range  of  choices.  For  any  given  payload  and  performance 
specifications,  there  a  number  of  helicopter  designs  that 
satisfy  the  requirements.  The  problem  in  the  preliminary 
design  process  is  narrowing  these  possibilities  and 
selecting  the  design  which  will  provide  the  best  helicopter 
for  the  mission. 

Obviously,  the  operating  environmental  constraints  help 
to  define  the  basic  configuration.  These  constraints  are 
usually  specified  in  the  Request  for  Proposal  [RFP] ,  in  the 
case  of  a  military  helicopter.  For  example,  typical 
constraints  placed  on  the  design  of  a  Navy  helicopter  are 
the  size  of  the  ship  deck  and  hangar  from  which  it  will  be 
operating,  the  requirement  for  a  blade  fold  system,  dual 
engine  configuration  and  IFR  capability. 

Even  with  these  design  constraints,  there  is  still 
a  great  deal  of  leeway.  In  order  to  insure  that  the  best 
helicopter  design  is  selected,  an  appropriate  number  of 
solutions  satisfying  the  specifications  should  be  inves¬ 
tigated.  Since  each  solution  is  generally  characterized 
by  a  different  combination  of  design  parameters,  the 


selection,  according  to  Greenfield  [Ref.  5] ,  can  best  be 
made  through  a  parametric  study  which  allows  for  the 
optimization  of  many  design  parameters. 

One  method  of  parametric  analysis  used  is  Carpet  Plots. 
This  method  is  based  on  the  simultaneous  graphical  solution 
of  the  weight  and  hover  performance  equations.  To  this 
solution  set  is  added  to  the  environmental  constraints  to 
the  helicopters  size.  This  effectively  brackets  the  area 
of  acceptable  design  solutions. 

This  method  assumes  that  minimum  gross  weight  is  the 
criterion  by  which  the  best  [or  optimum]  design  parameters 
are  selected. 

B.  ASSUMPTIONS 

1.  Airfoil  used  is  a  derivative  of  the  NACA  0012 

with  the  following  mean  approximate  values  from  Reference  5 
a  *  slope  of  airfoil  section  lift  curve,  dCt/da  , 
per  rad. 
a  -  5.73 

6  *  blade  section  drag  coefficient 

<50  =  .009 

«2  "  '3 

2.  a)  The  tail  rotor  radius  is  assumed  to  be  .16 
times  the  main  rotor  radius  [Ref.  5] . 
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b)  The  distance  between  the  rotors,  or  tail  rotor 
moment  arm,  is  1.19R  [Ref.  5],  These  ratios  reflect 

the  values  of  maximum  rotor  diameter  and  overall  length 
specified  as  size  limitations. 

3.  B  ■  .97.  Historical  approximation  [Ref.  7]. 

C.  METHODOLOGY 

In  order  to  properly  develop  the  weight  and  performance 
equations  required  for  a  carpet  plot  design  study,  the 
payload  and  performance  specifications  of  the  helicopter 
are  needed.  This  data  is  used  to  tailor  the  equations  for 
the  design. 

The  equations  will  be  developed  here  for  a  four-place 
light  helicopter.  The  equation  development  procedure  is 
applicable  to  other  size  helicopters;  the  development  for  a 
medium  helicopter,  20,000  lb  weight  class,  is  to  be  found 
in  Appendix  B. 

The  following  specification  requirements  which  are 
similar  to  those  in  Reference  5  will  apply  to  this  design: 

1.  The  rotor  diameter  should  be  less  than  35.2  feet. 

2.  The  overall  length  should  be  less  than  41.4  feet. 

3.  The  gross  weight  of  the  helicopter  should  not 
exceed  2,450  lbs. 

4.  The  helicopter  should  be  capable  of  hovering,  out 
of  ground  effect  at  6,000  feet  with  an  ambient  air  tem¬ 
perature  of  95°F. 
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5.  The  useful  load  at  hover  shall  consist  of,  as  a 
minimum,  200  lbs  for  the  pilot,  400  lbs  of  payload  and 
sufficient  fuel  to  give  the  helicopter  up  to  three  hours 
endurance  at  sea  level  conditions. 

6.  Maximum  speed  of  at  least  110  knots  using  Normal 
Rated  Power,  at  sea  level. 

7.  Total  Power  Required  at  6,000  feet  and  95°F  shall 
be  not  more  than  206. 

D.  HOVER  EQUATIONS 

1.  The  main  rotor  power  required  to  hover  out  of 
ground  effect  is 

Total  Main  Rotor  Power  [Hover]  ■  Rotor  Profile  Power  +  Rotor 
Induced  Power 


P  *  i.i 3w  rmr 

T  550B/77o  /p/p0 


6WVt  p/p0 


(3.1) 


At  an  altitude  of  6,000  feet  and  a  temperature  of  95°  , 
p/p0  "  .749395  .  Therefore,  equation  (1)  can  be  simplified 
to : 


PT6000/95°F  "  . 035479W[DL] 


1/2 


+  [10]  "  5  (1  +  1.80779  CT  _  2)W  VT 

CLRo  LR°  T 
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The  tail  rotor  thrust  required  to  counterbalance  the 
main  rotor  torque  is: 


550  PtR  550  PT 
ttr  "  iTR  VT  "  T7I7Vt' 


(3.3) 


where  HTR  h-.s  been  defined  as  1.19R  .  With  R^R  defined 
as  . 16R  ,  the  tail  rotor  disk  loading  can  be  written, 
using  equation  (3)  as: 


TTR 

^TR 


550  PT 

1'.1SVT 


1 

rr  C  •  16  R)  2 


550  PT  DL 
I';T'9T'.“0"2T5T^  W~ 


(3.4) 


Greenfield  [Ref.  5],  in  his  development,  assumes  that 
the  tail  rotor  tip  speed  is  equal  to  the  main  rotor  tip 
speed  and  that  <$TR  <*  .02  and  $TR  *  .90  .  With  these 
assumptions  the  equation  for  the  tail  rotor  power  required 
to  hover  can  be  written  as: 


2055.7 


•TR, 


Hover 


f  DL  11/2 

r*  - 

PT 

Hover 

P/P0J 

T  j 

13/2 


(3.5) 


.012605  Pn 


Hover 


‘LRTR 
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The  equation  for  the  tail  rotor  mean  blade  lift  coeffi¬ 
cient  can  be  written  as 


(3.6) 


if  it  is  assumed  that  the  tail  rotor  is  designed  to  counter¬ 
balance  a  sea  level  main  rotor  torque  equivalent  to  90 
percent  of  the  installed  power. 

Substituting  equation  (3.6)  into  equation  (3.5)  one 
obtains  the  following  expression  for  hover  tail  rotor  power: 


It  is  assumed  that  the  gear  losses  amount  to  3  percent 
and  that  there  is  a  1  percent  cooling  power  loss,  the  total 
brake  horsepower  required  to  hover  becomes: 


(3.8) 


Empirical  studies  have  shown  that  the  tail  rotor  power 
required  to  hover  can  be  approximated  by 

P_  ~  .8  [total  horsepower  to  hover] 
lAC 

This  allows  one  to  write  the  main  rotor  power  required  to 
hover  as : 

PTn,  *  t3'9) 
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Following  Greenfield's  [Ref.  S]  development  further, 
if  equations  (3.2)  and  (3.7)  are  substituted  in  equation 
(3.8),  one  obtains 

PT  -  .036757  W  /BIT 
aH6000/95° 


.95803 


(10) “ 5  [1  +  1.80779  CLR  2]  W  V n 


(3.10) 


♦  2473.6  Jjf  JjE 


+  5.5348 


Utilizing  the  approximation  for  tail  rotor  power, 

equation  (3.9),  equation  (3.10)  can  be  solved  for  W 

(gross  weight)  as  a  function  of  variables  Vj  (tip  speed)  , 

DL  (rotor  disk  loading) ,  CLRo  (rotor  mean  lift  coefficient) 

and  PT  (total  power  to  hover) . 
n 


V^,  +  / Dl" 


(3.11b) 


K. 


553480 


X 


(3.11c) 


K, 


3695.7 

K7 


(3. lid) 


K5  ■  "T—1  (1  +  1'80779  CLRo: 


‘LRo 


(3. lie) 


Equation  (3.11)  has  been  programmed  in  Appendix  B 
and  solved  for  tip  speeds  from  600  to  700  cps  and  CLR 
of  .3  to  . 7 . 

Equation  (3.11)  is  one  of  the  two  primary  equations  used 
to  obtain  the  data  required  for  a  carpet  plot  design 


analysis.  Generally,  the  variables  VT  ,  DL,  CLRq  and 


PT  ,  that  are  required  for  solution  have  specific  ranges 
of  values,  depending  on  the  weight  class  of  the  helicopter 
being  designed.  The  graphical  results  of  equation  (3.11) 
for  tip  speeds  of  600  to  700  fps  and  mean  lift  coefficients 
between  .3  and  .7  are  illustrated  in  Figure  3.1. 

Both  the  Fortran  and  Disspla  programs,  as  well  as  a 
decision  making  flow  chart  are  provided  in  Appendix  C 
to  aid  in  using  this  method  for  a  design  solution. 


E.  WEIGHT  EQUATIONS 

Weight  equations  need  to  be  developed  that  realistically 
reflect  the  sizing  class  of  the  helicopter  being  designed. 
The  evolution  is  greatly  simplified  if  a  specific  engine 


39 


Figure  3.1.  Weight  Equation  Plot: 


installation  [#  and  horsepower]  is  assumed,  since  the 
weight  of  a  number  of  components  depend  only  on  the 
installed  power;  this  would  include  such  terms  as  the  engine 
controls  and  accessories.  Another  category  would  be  those 
components  whose  weights  depend  on  either  the  gross  weight 
on  two  or  more  of  the  following  in  combination:  rotor  tip 
speed  (VT) ,  rotor  diameter  (R),  rotor  solidity  (a). 

The  equations  developed  here  are  taken  from  the  Hiller 
Aircraft  Corporation  Performance  Data  Report.  [Ref.  5]  In 
this  report  they  assumed  a  specific  engine  installation, 
the  Allison  T-63  with  a  military  power  rating  at  sea  level 
of  250  horsepower. 

There  is  a  possible  problem  of  the  validity  of  these 
weight  relationships  when  applied  to  different  helicopter 
design  categories.  However,  assuming  a  specific  engine 
determines  a  number  of  the  component  weights,  and  thus 
minimizes  the  inaccuracies.  Using  the  weight  estimation 
relationships  developed  in  the  Helicopter  Design  Manual 
[Ref.  2],  the  engine,  control  and  accessory  weight  can  be 
calculated  and  the  weight  formulas  developed  here  applied 
to  give  a  representative  useful  load  and  empty  weight 
formula  for  preliminary  design  analysis.  This  is  done  in 
Appendix  C,  for  a  20,000  pound  class  helicopter. 
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The  following  relations  are  used  to  reduce  the  component 
weight  formulas  for  the  specification  helicopter: 


W/DL  -  A  -  ttR' 


(3.12) 


W/PL  -  MHP  «  250 


(3.13) 


(Military  rating  for  Allison  T-63  at  sea  level.)  (PL 
Power  Loading.) 


p  ■  /S7Vj 


(3.14) 


Using  these  equations  the  component  weight  for  the 
specified  helicopter  empty  weight  may  be  reduced  to  the 
following: 


Engine,  Controls  and  Accessories 


*  617.5  lbs. 


Engine  Section  ,  n7 

Group  .053  [W/PL]  ■L*u/ 


19.5  lbs.  (3.15) 


Main  Trans¬ 
mission  10.43 


VJl-Z9S 
(PL  VT) ,S63 


-  1221  p‘803  (3.16) 


Rotor  Drive 

Shaft  5.56 


,1.05 


(PL  VT)  *  '  (DL)  * 


266  p 


(3.17) 


Tail  Rotor 


32.22 


,1.14 


(PL  VT)X* 


17449 


(3.18) 
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The  engine,  controls  and  accessories  category  includes 
such  items  as  lubrication  and  oil  cooling  system,  engines, 


communications,  engine  controls,  engine  accessories, 
instruments  starting  system,  furnishing,  flight  controls, 
electrical  system  and  stabilization.  These  are  considered 
fixed  weight  items  determined  from  specification  of  the 
engine  and  weight  class  of  the  helicopter. 


Tail  Rotor 
Gear  Box  3.7 


(PL  VT* b(DL) * 


59.47  /T* 


(3.19) 


Tail  Rotor  w1.355 

Drive  .124  - tt - 

Shaft  (PL  VT)  ,:>/(DL)  * 


2.886  P'b/  /3T  (3.20) 


Body  and.  gig  oa 
Gear  *  1.91  WSA0  +  .0294  W,yy 
Landing 


Rotor  W1 . 185  . 33  ...  -joe  t  ? 

Blade  35.15  - - 2-r-jnr  »  35.15  W  A,18V33 

Teetering  VT(DL)*io:>  VT 


(3.21) 


Rotor  Blade  ^.1.205  .33  "jnc  xx 

Artie-  19.77  * - 2_  »  19. 77  £-  A‘20V33 

ulated  Vt(DL)^u;>  vT 


(3.22) 


Rotor  Hub 
Teetering 


,1.21 


.0088 


.0088  WA‘ 


(3.23) 


Rotor  Hub 
Artic¬ 
ulated 


.00975 


W1*21 

- ll 

DL  ‘ 


00975  WA‘ 


(3.24) 


Fuel  System  .416  per  gallon  capacity  *  .0615  Wp  (3.25) 

where  Wp  ■  fuel  weight. 

The  individual  component  weights  may  now  be  combined 
into  a  single  expression  for  the  helicopter  empty  weight. 


We  -  617.5  +  . 061 7Wp  -  1221P’863  +  266P’7  +  ^XTTT 

Vl  '  (3.26) 

+  58.47/1?  +  2.886P,57/ft  +  .191W’916  +  .0294W99 
+  appropriate  rotor  blade  and  hub  weights. 

As  stated  earlier,  the  design  specifications  called  for 
a  useful  load  consisting  of  a  pilot  (200  lbs)  ,  payload 
(400  lbs)  and  the  required  fuel  weight  (Wp) .  The  fuel 
weight  is  calculated  for  the  Allison  T-63  in  the  following 
manner:  endurance  of  three  hours  at  85  percent  of  normal 
rated  powered  for  the  T-63  is  180.2  HP  and  the  specific 
fuel  consumption  at  this  power  is  .783  lbs  fuel/BHP  HR. 
Including  an  allowance  for  a  three-minute  warm-up  at  NRP 
and  using  a  5  percent  correction  factor  on  SFC,  as 
specified  in  Reference  5,  the  fuel  weight  becomes: 

Wp  =  3(180.2) (.822)  +  ^  (212) (777)  (3.27) 


The  total  useful  load  is  the  sum  of  the  useful  load 
items . 

Wu  -  200  +  400  +  452.6  +  20  »  1072.6  lbs  (3.28) 

A  new  variable,  WfiAR  ,  is  defined  as  the  sum  of  the 
emply  weight  plus  useful  load.  It  is  the  of  equations 
(  3-  26)  and  (  3.  28)  . 

WBAR  “  1717‘9  +  1221P*863  -  266F ' 7  +  +  58.47/F 

V? 

(3.29) 

+  2.886P,57/A  +  .191W’916  +  .0294W99 
+  appropriate  rotor  blade  and  hub  weights. 

Equation  (3.11)  together  with  equation  (3.29)  form  the 
basis  of  a  carpet  plot  design  study.  These  equations  are 
solved  simultaneously  for  WRAR  .  This  solution  is  best 
illustrated  graphically,  as  in  Figure  3.2.  The  graph  in 
Figure  3. 2  was  generated  for  a  specific  value  of  C^R  over 
a  range  of  tip  speeds -[600  to  700]. 

F.  GRAPHICAL  ANALYSIS 

Graphs  similar  to  Figure  3.1  are  generated  for  several 
value  of  CLR  ,  and  are  then  cross  plotted  to  form  Figure 
3.2. 

The  mean  lift  coefficient,  CLR  ,  values  are  selected 
based  on  what  is  considered  the  historical  average  range  of 


Figure  3.2.  Helicopter  Carpet  Plots 
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values.  Figure  3.3  is  basic  plot  for  a  carpet  plot  design 
study.  Programs  are  provided  in  Appendix  D  which  will 
generate  the  required  data  sets  and  plots  of  Figures  3.2 
and  3.3. 

The  solution  field  depicted  in  Figure  3.3  is  too  large 
to  be  of  great  analytic  value  and  as  such  must  be  reduced. 
Three  parameters,  maximum  gross  weight,  rotor  diameter 
(both  specified  in  the  Design  Specification)  and  the 
aspect  ratio  can  be  used  to  narrow  the  field  of  solutions. 

1.  Rotor  Diameter  Boundary 

A  net  to  exceed  value  for  the  rotor  diameter  is 
generally  given  in  the  design  specifications.  This 
limiting^ value  is  based  on  the  operating  environment  of  the 
helicopter.  With  R  max  specified,  there  is  a  linear 
relationship  between  the  disk  loading  and  the  gross  weight. 


DL 


W 


The  resulting  bracketing  of  the  solution  field  by 
applying  both  the  maximum  gross  weight  and  maximum  rotor 
diameter  limits  to  the  carpet  plot  are  shown  in  Figure  3.4. 

2.  Respect  Ratio  Boundary 

It  is  evident  that  a  further  restriction  is  still 
necessary  to  completely  define  the  region  of  acceptable 
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design  solutions.  Studies  have  indicated  that  a  main 
rotor  aspect  ratio  of  21, 1  is  a  representative  upper  limit. 
Thus 


?i  >  R<mr>  _  b  b  po  CLR  VT 
—  C<mr>  no  an  DL 


or 


DL  > 


b  P  CLR  V 
- TTO - 


For  the  case  of  a  two  bladed  main  rotor  equation  (3.30) 
reduces  to: 

DL  >  .000012  CLR  VT2 

The  detemination  of  this  boundary  graphically  is  as 
follows : 

The  hover  solution  plot  of.  Figure  3.2  is  replotted2 
relative  to  the  coordinates  disk  loading  and  design  mean 
blade  lift  coefficient.  The  limiting  curves  for 
DL  ■  .000012  CLR  VT2  are  then  plotted.  The  intersection 
with  the  appropriate  constant  tip  speed  lines  of  the  hover 
solution  represent  the  aspect  ratio  boundary;  Figure  3.5. 


1For  a  helicopter  rotor,  the  aspect  ratio  is  defined  as 
the  radius  divided  by  the  chord. 

2 

For  clarity  lines  of  constant  gross  weight  are  omitted. 
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These  intersection  points  are  then  cross  plotted  onto 
Figure  3.4.  Figure  3.6  represents  a  graphical  plot  of  the 
solution  set  satisfying  the  performance  and  structural 
design  criteria  of  a  small  observation  helicopter  as 
specified  in  this  study. 
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IV.  HESCOMP 


A.  DESCRIPTION  OF  PROGRAM 

HESCOMP  is  a  helicopter  sizing  and  performance  computer 
program  developed  by  the  Boeing  Vertol  Company.  The  program 
was  originally  formulated  to  provide  for  rapid  configuration 
design  studies. 

A  number  of  programming  options  are  available  to  the 
user  of  HESCOMP.  When  the  type  and  mission  profile  of  the 
helicopter  are  known,  HESCOMP  may  be  used  to  size  the 
aircraft.  Alternately,  it  may  be  used  for  mission  profile 
calculations  when  the  sizing  details  [gross  weight,  payload, 
engine  size,  etc.]  are  specified.  A  combination  of  these 
two  options  is  also  available;  the  program  may  be  used  to 
first  size  a  helicopter  for  a  primary  mission  and  then 
calculate  the  off-design  performance  for  other  missions. 
Finally,  HESCOMP  may  be  used  solely  for  obtaining  helicopter 
weight . 

Sensitivity  studies  involving  both  design  and  per¬ 
formance  tradeoffs  can  easily  be  done  with  HESCOMP.  Incre¬ 
mental  multiplicative  and  additive  factors  can  be  imbedded 
in  the  input  data. 

The  various  helicopter  configurations  that  may  be 
studied  using  HESCOMP  are  detailed  in  Table  4.1. 


TABLE  4.1 


HELICOPTER  CONFIGURATIONS 
WHICH  MAY  BE  STUDIED  USING  HESCOMP 


IIELlCOrftX  COIIFioURATlOlls  wittCII  HAI  >B  ITUDXEDUSIHO  IIE8C0HP. 

^'''■''•-.^Jiddltlonal  Llf t/rropulnien 
^'"'-dlyato*  Component «  Which 
"""-^Uuet  bs  Added  to 
llellcnptsr  ■■«»*,  ’Purs* 

T»P*  '""L^Cone. 

Prupollar 

(or 

Auxiliary 

Propulsion 

Auxiliary 

Independent 

. 

Type  of  Auxiliary 
Independdnt  Engine* 

Ming 

T/Shaft 

T/rrni 

T/Jot 

Pure  Hal  loop tar 

• 

wingad  lloltcoptar 

X 

Compound  lloltcoptar 

(1)  Coupled  (prim,  angina* 

drlvo  auxiliary  propulsion 
systuml 

(11  Auxiliary  Independent 
•  propulsion  system 

(u)  T/Shaft  engine 
(b)  T/rnn  engine 
(el  T/Jot  angina 

X 

X 

X 

X 

X 

X 

. 

X 

X 

X 

X 

X 

X 

Auxiliary  Propulsion  llallcoptor 

(11  Couptod  (orirn.  engine* 
drive  auxiliary  propulsion 
system! 

X 

(11  Auxiliary  Independent 
propulsion  system 

(a)  T/Shaft  engine 
(b|  T/Fan  engine 
lei  T/Jet  enalne 

X 

X 

X 

X 

X 

X 

A.  - 

'oexiel  Motor  Helicopter 

(1!  Coupled  (prim,  engine* 

drive  auxiliary  propulsion 
eye torn! 

X 

(11  Auxiliary  Independent 
propulsion  system 

la!  T/Shaft  engine 
(bl  T/Fan  engine 
(c|  T/Jot  engine 

X 

X 

X 

X 

X 

X 

X 

X 


B.  PROGRAM  MODIFICATIONS  AND  IMPLEMENTATION 


The  computer  program  received  from  Boeing  Vertol 
required  some  modification  and  reformating  in  order  to  run 
properly  on  the  Naval  Postgraduate  School  IBM  system. 

These  alterations  did  not,  however,  alter  the  program  output 
or  usability. 

HESCOMP,  as  received  from  Boeing  Vertol,  was  17821 
lines  long  and  set-up  as  a  sequential  data  set  to  be 
assemble  on  a  'G  compiler'.  The  Batch  processing  system  at 
the  Naval  Postgraduate  School  accepts  only  programs  set  to 
run  on  'H  compiler' .  Normally,  the  differences  between 
these  two  compilers  are  minor  and  programs  that  run  on  one 
will  run  on  the  other.  However,  this  was  not  the  case  with 
HESCOMP . 

In  order  to  facilitate  the  program  debugging  process, 
HESCOMP  was  reformatted  as  a  partitioned  data  set.  What 
this  effectively  did  was  to  break  the  program  down  into 
eight  members  of  approximately  2000  lines.  The  program 
breakdown  is  illustrated  in  Table  4.2. 

Each  of  these  were  compiled  individually  and  then  error 
codes  analyzed.  The  member  data  set  was  then  modified  as 
required  to  properly  compile. 

Once  all  the  members  of  the  partitioned  data  set 
compiled  properly,  HESCOMP  was  again  formated  as  a 
sequential  data  set  and  run  utilizing  input  data  for 
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which  there  was  a  known  output.  This  insured  that  the 
modifications  made  to  the  original  program  had  not  altered 
the  logic,  ie.,  gave  faulty  results. 

The  control  language  program  to  access  HESCOMB  on  the 
Batch  processing  system  and  a  sample  input  and  out  data 
set  are  shown  in  Appendix  D.  These  are  also  available 
on  the  Aero  disk  for  copying  and  use. 

TABLE  4.2 

PARTITIONED  DATA  SET 


MEMBER  NAME 

LINE 

NUMBER 

SIZE 

FIRST  ROUTINE 

SI 

1 

-  1681 

1681 

AERO 

S2 

1682 

-  4132 

2451 

CLIMB 

S3 

4133 

-  6531 

2399 

XIBIV 

S4 

6532 

-  8974 

2443 

PCWAVL 

S5 

8975 

-  10870 

1896 

PRINT  1 

S6 

10871 

-  13042 

2172 

ROT  POW 

S7 

13043 

-  15383 

2341 

CRUS  3 

S8 

15384 

-  17821 

2448 

TAXI 

C.  PROGRAM  FLOW 

The  program  is  conceptually  outlined  in  Figure  4.1, 
[Ref.  7].  The  program  flow  is  monitored  by  a  general  loop, 
which  controls  a  series  of  peripheral  programs.  There  are 


■*«  »-*i  f-^ir‘ »'•,'!  i-.-'r1  -■'•  rv^-fT-?  **  ~iF  (’„*  re*  ’^T^'-A3I -  ’.S*  ' ’!»  ^-"V*  '  J  ■ 
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Figure  4.1.  HESCOMP  Program  Flow 


58 


a  total  of  44  subroutines.  Detailed  program  descriptions 

cam  be  found  in  Section  4  of  the  HESCOMP  User's  Manual.  j 

/ 

i 

D.  PROGRAM  INPUT 

Program  input  can  be  loosely  group  into  ten  categories: 
general  information,  aircraft  descriptive  information, 
mission  profile  information,  rotor  tip  speed  schedule, 
incremental  rotor  performance,  auxiliary  propulsion  input 
schedule,  engine  cycle  information,  rotor  performance 
information,  propeller  performance  information,  and 
supplementary  input  information. 

The  actual  amount  of  input  data  requires  varies  greatly 
with  the  program  options  selected.  An  example  of  a  data 
set  formatted  to  run  on  the  IBM  system  is  shown  in 

•  i 

Appendix  E.  A  more  detailed  explantion  is  available  in 
Section  5  of  the  HESCOMP  User's  Manual. 


E.  PROGRAM  OUTPUT 

An  example  of  the  program  output  is  included  in 
Appendix  E.  The  printout  consists  of  general  data,  input 
data,  sizing  data  [program  output]  and  mission  performance 
data  [for  the  size  helicopter] .  Detailed  descriptions  of 
these  and  diagnostic  error  statements  are  described  in 
Section  6  of  Reference  6. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


Three  approaches  to  analyzing  a  preliminary  helicopter 
design  were  explored  in  the  course  of  this  paper.  It  was 
found  that  a  number  of  the  performance  equations  could  be 
greatly  simplified  with  little  degradation  in  the  final 
results.  A  sensitivity  analysis  brought  further  insight 
into  the  inter-play  of  the  parameters  and  how  changes  in 
them  tended  to  effect  the  helicopter  performance  equations. 

Carpet  Plots  provided  the  most  interesting  method  of 
analysis.  Development  of  a  graphical  solution  matrix 
using  this  method  provides  a  usual  interpretation  of  what 
is  occurring  when  key  parameters  are  varied. 

Two  cases  were  explored;  a  light  observation  helicopter 
in  the  3,000  pound  weight  class  and  a  heavier  utility 
helicopter  in  the  20,000  pound  weight  class.  The  Carpet 
Plot  method  provided  reasonable  solutions  in  both  cases. 

In  doing  the  analysis  for  the  utility  helicopter,  the 
initial  weight  estimation  equation  had  to  be  adjusted 
upward  by  approximately  2,000  pounds  for  the  equations  to 
intersect  properly.  This  is  not  considered  a  limitation 
to  this  method  of  analysis,  however,  it  does  point  up  an 
area  for  further  investigation.  It  may  be  possible  to 
develop  more  accurate  weighing  factors  for  this  equation 
when  dealing  with  higher  gross  weight  helicopters. 


HESCOMP  provides  a  plethora  of  information  to  the  user. 
However,  the  price  is  the  amount  of  inputed  data  required 
for  even  a  simplified  analysis.  At  a  preliminary  design 
level  of  analysis,  the  other  methods  explored  provide  a 
quicker  first-cut  look  at  the  potential  design. 
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TERM 

a 

A 

AR 

ATR 

b 

B 

C 


6 

DL 

FM 

HP 

LTR 

P 

M 
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APPENDIX  A:  NOMENCLATURE 


DEFINITION 

UNITS 

Slope  of  Airfoil  Section 
Lift  Curve 

Radians 

Rotor  Disk  Area 

ft2 

Aspect  Ratio 

Dimensionless 

Tail  Rotor  Disk  Area 

ft2 

Number  of  Rotor  Baldes 

Dimensionless 

Tip  Loss  Factor 

Dimensionless 

Main  Rotor  Cord 

ft 

Profile  Drag  Coefficient 
at  Zero  Lift 

Dimensionless 

Design  Mean  Blade  Lift 
Coefficient  at  Sea  Level 

Dimensionless 

Coefficient  of  Thrust 

Dimensionless 

Coefficient  of  Power 

Dimensionless 

Blade  Section  Drag 
Coefficient 

Dimensionless 

Disk  Loading 

lb/ft2 

Figure  of  Merit 

Dimensionless 

Horsepower 

Tail  Rotor  Moment  Arm 

ft 

Air  Density 

lb  sec2/ft4 

Advance  Ratio 

Dimensionless 

Rotor  Radius 

ft 

*  '  41  J-Jl  '  si 


'  *  ’ '  T*  \  v«  i-«  v> v* i.'iavn.v.’ij.uv  vt *;■  stv  v^*^.  v  V'VTOTV'k.'T'^ 


DEFINITION  UNITS 

Total  Power  HP 

Main  Rotor  Total  Power  HP 

Tail  Rotor  Total  Power  Hp 

Profile  Power  HP 

Induced  Power  HP 

Parasite  Power  HP 

Power  Loading  LB/HP 

Rotor  Radius  ft 

Thrust  HP 

Induced  Velocity  .  ft/sec 

Forward  Velocity  ft/sec 

Aircraft  Forward  Speed  ft/sec 

Rotor  Tip  Speed  ft/sec 


Aircraft  Gross  Weight  lbs 

Empty  Weight  lbs 


h  •  «*  r  *  *  »  »  «/  *  *  w**  '*  j  w»#  ▼_«r  *  •  *~.<i  .^  Y  *"\  w'»  ^m’TV  ^VTV  Tk'w~iFmi  ^^■n^T'iFVT’ii’T*  TV*  *V  T^^iCTST^’V^Vr..'^ 


APPENDIX  B:  CARPET  PLOT  FORMULATION  FOR  20,000  LB. 
CLASS  HELICOPTER 

SPECIFICATIONS: 

Maximum  Gross  Weight:  20,000  pounds 
Maximum  Rotor  Diameter:  30  feet 

PRELIMINARY  ENGINE  SIZING: 

B2.1  Utilize  equation  (2.14)  to  determine  engine 
horsepower  category. 

W  -  [4 . 753PtR] 2/3 
20,000  -  [47 . S3Pt  30]2/3 


PT  -  1983  HP 

B2.2  Use  the  engine  selection  parameters  tables  B.l 
to  determine  the  number  and  type  of  power  plant 
[table  taken  from  Reference  3] . 

B2.2a  Type  and  number  selected:  2  type  C. 

B2.2b  Specifications: 

Dry  Weight  Per  Engine:  423  pounds 

Shaft  Horsepower  at  Standard  Sea  Level: 

Military  1561  HP 

Normal  1318  HP 

WEIGHT  EQUATION  FORMULATION 

B3.1  To  obtain  the  engine  control  and  accessory 
weight  use  items  7,  9,  10,  11,  12  and  13  of 
the  weight  estimation  relationships  developed 
in  Reference  3  for  a  utility  helicopter: 

#7:  609  lbs;  #9:  129  lbs;  #10:  76  lbs; 

#11:  410  lbs;  #12:  439  lbs;  and  #13:  302  lbs. 
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TABLE  B.l 


ENGINE  SELECTION  PARAMETERS 


The  following  turboshat  power  plant  data  are 
presented  for  one  engine. 


Engines : 

A 

B 

C 

D* 

E 

F 

Dry  Weight  (lbs) 

158 

288 

423 

709 

580 

750 

SHP  (ssl)  Military 

420 

708 

1561 

1800 

2500 

3400 

Normal 

370 

6  a9 

1318 

1530 

2200 

3000 

Cruise 

278 

494 

1989 

1148 

1650 

2250 

SFC  (ssl)  Military 

.650 

.  5  73 

.460 

.595 

.615 

.543 

Normal 

.651 

.573 

.470 

.606 

.622 

.562 

Cruise 

.709 

.  599 

.510 

.661 

.678 

.610 

Initial  Costs 

$93K 

$  100K 

$  580K 

$360K 

$640K 

o 

o 

r-^ 

V3- 

Operating  Cost 
per  hour/engine 

$8 

$16 

$20 

$35 

$40 

$60 

Preventative  Maint 
per  hour/engine 

$25 

$50 

$100 

$125 

$160 

$220 

MTBMA  (hrs) 

3.5 

3.0 

2.0 

3.0 

4.0 

3.5 

MDT  (hrs) 

0.7 

0.6 

0.5 

1.3 

2.0 

2.6 

MTBF  (hrs) 

185 

210 

205 

285 

280 

320 

MTBR  (hrs) 

600 

750 

800 

800 

1000 

750 
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B3.2  Simplifications 


w  -  A  ■  1,112  •  ifi  ■  MHP  ■  31-00  1  P  ■  vVf 


B3.3  Engine  Group 


, 053(5100)  1  * 0 ^  »  272  lbs 


B3.4  Main  Transmission 


,1.295 


10.43 


(Jlpm  Vt) 


[W]  * 
laj 


10.43 


w-863  a+.432 

■.  .863,,  .  863 
(A  pm)  V,f 


(10.43) (3100) ‘863P’863 


10 , 748P 


.863 


B3.5  Rotor  Drive  Shaft 


5.56 


wi.°s 

- T7 - r 

(Apm  VT)  [J] 


-  5.56(3100)  -  V7 


1545P 1 


B3.6  Tail  Rotor 


,1.14 


32.22 


(Jtpm  V^) 


307,600 


V„  * 
T 


■m  -r  m.  *•"» 


Rj 


k 


w  ?wrwaui  ■^awararr'w- jp:  -or  pjr;Tgr.-*r  -31 


v^rs*  rs*  rsr :  -^tiv;s*tv 'jrjTfm^T^n  rcTTfi'TO  RXW'O!  v  wm  vr*  v’.’s  v 


B3.7  Tail  Rotor  Gear  Box 

3.7  - - -yy  -  (3. 7)  (3100)  *5p*5 

(^pm  VT)  [J] 

-  206P’5 

B3.8  Tail  Rotor  Drive  Shaft 

.124  - W^-5-7rc  -  (.124)C3100)-5V57  /T 

C1Pm)  p75T 

»  12 . 12P‘ 57  /F“ 

B3.9  Landing  Gear 


»  .191W916  +  .0294W*" 
B3.10  Rotor  Blades  Articulated 


19.77 


W1 . 206  .33 
W  a 


VT  DL 


rm 


...  .  205  .33 

-  19.77  S-  A  a 
\T 


B3.ll  Rotor  Hub  Articulated 


1.21 

.00975  W  ‘-yy  -  .00975WA’21 


DL 


67 


*V<( 

'  .kJLJrJ, 


i 


i 


i 

t 


B3.12  Fuel  System  ,0615  W„ 

F 

Calculation  of  fuel  weight  three  hours  at 
cruise  SHP 
1513  lbs  +  10% 

1664  lbs 

B3.13  Total  Equation 

WB  *»  12,987,*  +  107948P*863  +  1545P*7 


*  ^TTTT  *  206p'5  +  12.12P'57  SK 
VT 


+  .191W'916  +  .0294W*99 


+  19.77  ~-A*205S'33  +  .0097 SWA ‘ 2 1 
VT 


B4  HOVER  EQUATION 

Following  the  formulation  in  Section  of  Chapter  3, 
the  weight  equation  based  on  the  design  mean  lift  coeffi¬ 


cient  and  power  required  is: 


k2  1 


nr3//4  / 

411.51  I  1  +  K. 

V/72  \ 

vT  +  Ks  /T5T 


VT  \1/21 

J 


This  number  was  increased  from  8987  to  12987  to  bring 
the  curves  together.  This  reflects  a  4000  lb  useful  load. 


where : 


Figure  B2.  Helicopter  Carpet  Plots 
Utility  Class 


Figure  B3. 


APPENDIX  C.  CARPET  PLOT  METHODOLOGY  FLOW  CHART  AND 
EXAMPLE  PROGRAMS: 

This  section  contains  a  flow  chart  to  help  organize 
a  carpet  analysis  and  example  IBM  computer  programs  to 
produce  the  data  sets  and  disspla  graphs. 


c« 

c« 


«•**•**♦* 

c»*****«* 

£**•••*** 

£»****•** 
c* **•**•*« 

I ::::::::: 

c** 
c* 

c* 

c* 


GRAPHICAL  EELICCPT 

c,8ihfiIL 


HillPt1 

sIk 


PROGRAM 


THIS  PECGR  A 

HIM"" 


IS  DESIGN I £ 

3  GRAfH  AT  S 
IBS  FOR  A  St 


^isllt  VAT 


imhs-s 


O  PROVIDE  A  HEIGHT  VS. 
VER  AL  DIFFERENT  ROTOR 
CIF1ED  DESIGN  KEAN 
NT. 


*** 
*  »  » 
*  *  • 


•  ** 
•  ** 
*** 


NOKENCIITUBE 


V  IBIABLESi 


e* 

C* 

c* 

c* 

c* 

c* 

c***» 

c***< 


P1 

h 


_  LIFT  COEF IICENT 

:ISKVICADING 
HEIGHT  IS  C  ILCUL ATED  IFCH  POKER  EQUATION 
USE? 01  1CAD  I1US  EMPTY  HEIGHT 
SCHEB  / -  - - - 


AVAILABLE  IN  HCBSEPOKEB 


, US  (150)  , 


c 

c 

c- 

c 


c 

c 


INTEGER  I 

DEFINE  FILES 
CALL  FBTCBS 


1 


1 

C~ 

C 

c 

10 

c 

C 


CALL  FBTCBS 
BEAD  DATA  F 
I»  1 


' E2LZDEF  ' ,'3 

' DISK 

•  ,'CR PT35* , 

' E  ATA  '  ,  '  A 

• EILICEF  '  ,  •  4 

;f'DISK 

•  ,'CHPT45* , 

•DATA  '  ,  •  A 

H  FILE:  C3PTX  DATA 

99 

A 


DC  10  *-  .<3 
CRPT1  DATA  .. 

BEAD  <3.  JO)  DL  (I)  ,H1  (I)  ,  WEI  (I)  ,W2{I)  ,WB2(I) 

S!S52,!f51/ 

CONTINUE 


H3(I) ,WE2(I)  , W4  (I) ,WB4 (I)  ,K5(I)  , HB5(I) 


CALL  D1SSPLA  BCCTINES  FOB  PLOT 


CALL  TEK618 


CALL  HEDEUF 
CALL  RESET  (3HAU 
CALL  HHSCAL  (“§"* 
CALL  PAGE  <l2„C, 
CALL  GRACE  (O.Cf  „ 
CALL  PHYSCR  (1*0,1 
CALL  ABEASd  (1C.fi, 
CALL  FBABE 

m  film 

CALL  HIXALF 
CALL  2NTAXS 

mi  mm 

m  iisiif 

CALL  XNABE 
CALL  Y  HARZ 
CALL  HEIGHT  (.2 
CALL  HEAC1N  i'i 


cbo;) 

hlh 


CALL  HESSAG  ( 


*  ID) ISK 

iiif  - 

uv.m* 


0is,1) 

(l)  OADINGS  1 , 100} 

i'j  >  .  if  oe 


( '  ID) ISK  |L) OADINGS', 100 
('  IGjiBCSS  (W)  EIGHT  |(LBSj)l', 


5) 


(C) ARPET 
(C) ABPEI 


100) 
(F)ICTS: 
IE) LOTS: 


(CLR-0.5) S', 
(CLR-0.5)  S', 
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^  kw TE-WTr»yryT’y'y  '.\  ■.;  ».vm>  V,:~»",’v  (.u  .^TyT; 


C 

c 

c 


c 

c 

c 

c 

c 


H 


CALL  H El GET  (.20) 

will  u  MAI  4  2  «  <3 « «  tf2«9f22bC«  f  5  C«  f2^bi)  *  t 
^■S-|V  (.CIS) 

!p"  8i:ILi{:S| 

S8II1  8i;l  :| : 

-  Di,l<5,95 ,0) 


;3RVI 


JBVS 


ii.  , 

Cc8t?i 

HUlf 


CUL  BLBZC  (4.2, 4.6! 
CUL  OBIC  (  1 1  1IGB1D) 


Itiill:!];! 

(S  pisjlJ 

4.2,4.65,1.6  , 1.  35  , 


D 


CALL  BLOIf  (1) 

H AXLIN-LI BEST (IP AX  1,300,20) 


HEIGHT 

fig  BUT 

CUL  LINES 
CUL  LINES 
CALL  HTLIGN 
CALL  LEGEND 
CALL  DON  EEL 
S10P 

S88SP  S?A 


Jsil 

I  IllSHifliiHMid 
IxiftfllWR  4R!ir*,l) 


eoenat  \i  Bx ; I  i8ri? j 


Bams 


INC 
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"*  " v  r*  v  v-> r. ^  ^rrrvrnT;  m  ■  •  u  muT  \%  n r  rtyt rvr*r* TW^T^TSHTT^W 
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c** ****** 
C******** 
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£••***••* 
£*•**•**» 
£**•*«•** 
£*••**••» 
£*•••*••• 
£*•***••* 


cmh  PLOT.  NUMBER  2 


BY  AL  UAHS  1 


18 K  PIOGBAH 


*••**•*41 


i  amiPrsma  is^mimu 
seom8i^raianm^Sc!ms3r5TEn 

OBSERVATION  CUSS 


ufi  family 


NOMENCLATURE 


VARIABLES! 


CI5XGK  MEAN  HPT  COEP IXCENT 

nwmni 

height  is  c jlculated  i;cn  pokes  equation 

CSEPUl  10*0  PLUS  EMPTY  HEIGHT 
POKES  AVAILABLE  1H  HCBSEPOHEH 


Bti  I88U1  ?8i  EiilS  Will  III 

CIS  EQUALS  THE  DISK  10ADING  PCS 
CL6  EQUALS  THE  CISK  LOADING  PCS 
DL7  EQUALS  THE  CISK  LOAD I  AG  PCS 
H3  EOOALS  THE  HEIGHT  FOB 

83  13^1:1  ill  Hilli  III 

“  *hkls  thI  tliHi  W 


§ 


HU 

N  VT3 
HVTU 

m 

CVT3 


AJ  _ 

UALS 

UALS 


Hit 


0 

UALS 

UALS 


HEIOHIS 
HEIGHTS 
HEIGHTS 
WE1GH1S 
HE IGHTf 


CLB-. 3 

mm 

J  clI:*J 

AT  VT-6QQ 
AT  VT-625 
AT  VT«650 
AT  VT«675 
AT  VT»70 


CLB* . 3 
CLR-.4 

§H::i 

CLB*. 7 


TIE  CCS B  ESPO N DING 
THE  CCBBESPOHCZ  NG 
TEE  CCBB  ESPON DING 


600 

.  _  _ _  .  „ _  _  HI 

S? . .  ..*«!  pi!  Ilf  .cccclllllSlgi8§  gill  mm  »!.R:wj. 


CISK  LOADING  AT  VT* 
CISK  LCACING  AT  VT* 
CISK  LCACING  AT  VT* 


C 

c— — 


BEAL *4 


•HV 


IKPU™- 


CATA  DL4/5.42.’.44,2 

lift  llWh'.t-Ml 


•  07  *  2*07  f  '<  • 
Sf.ttfi, |4 
»  2.47, *• 


1 46. 


-05/ 
433.85  , 
47/ 


CATA  DL5/2.63.!.6:.2 

lift  ia3K»»’l:ft  f 


:H:iES?:§;6^79- 


lift  s;il;i3I|:  4ft, 


2418.25/ 

72,2382.99/ 

13,2364.65/ 

10,2352./ 


C 

c 


_ HVT3/24 .  _  _ 

lift  ra»3Mi:!l.„ 
lift  IHfci:M:2:ii: 

DATA  DVT 3/2. 07,2.46,  _ 

Bill 
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**«•**•* 

•***•••* 


4(5)  , 


***** 
•  ** 
** 
*• 
** 
•• 
** 


*• 

** 

** 

** 


CALL  DI3SPLA  BC0IINE3  FOB  PLOT - 


mi  mm 

m  ite 


mi  ‘f 
mil 

cSil;  ! 

mi  21i8! 

mi  t 

CALL  X 

mi  h 

CALL  U 


gp».- 


|!jg.1,. 015,1) 

(•  Ijj^glsS  ^fcflSoHT^l'jLflsI  )  S'  ,100) 

i^|)  ^LJC^PTEfi  (C)IRPET  (P) LOTS! 

CALL  HEIGHT  (.20f  *  *  * 

CALL  GBAI  (2.  5,.  1,3.  C, 2300.  ,  50. ,2550.) 


cI^L^T BKCBV  (.CIS) 
gift  LlllZM 

mi  SUM  gH;X]:):8 
mi  cSIvi  BiI;SI;i;8 
Sii±  SHI*  *”•*''*•* 

mi  cobvI  Dvi2;sni'i;8j 

mimn 

CALL  COBVI  DV15.*VT5,5,0 
CALL  T  HKCBV  (.030) 

mi  ofeilSrixfial!)5'1,6'- 

BAXLIN*LINEiT\lf AK 1 ,300, 2( 


5,1.6, 1.35,1) 


AM,  300, 20) 


CALL  LIMES  l‘  <»)  EIGHTS' .  TEAK  1  . 1) 
CALL  LINES  j •  (I) N ICCEDJ * ,  IP AK  1 ,2) 
CALL  LINES  (•  I  BCFI LES • . IP AK  1 ,3 
CALL  LINES  }'  )p)AB  AS  X7E3  '  .IP  AK  l,  4) 
CALL  HTLEGN  ( • (E) CUES  (C)  U8VES  •  ,16) 
CALL  LEGEND  (IE  AN  1 , 4 ,4.  43 ,4 . 8) 

CALL  DONEEL 


FC8HAT  STATEMENTS 

Jobba?  I281;ni: 

END 


r  ■  *  «r.  HT,  .r\.w*v  r-i  iTiiTUT.V'r iHIVJV^Mi'. 
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c** ♦ ******* 
c**«  *«•*** 
c******** 
c***<**** 
c**<****» 
c< 


r.fUFHICAl  EBtlCCPTAP  EESIOH  SIOGBAH 
ASPECT ^BATICBOUBBABY 


LOCI  CF  HCVEB  AND  OSEFUL-LCAD  SOLUTIONS 
C IB  I  IT  PLCT  NfitHEB  3 
DY  At  HA  N  S IK 


THIS  PBCGBAK  IS 

lHioT§S*s?s^H_oslSG 


_  1L  TO  GBAPHICALLY  DETERMINE 

Q _£0UK£ABY_B IgUJB EMENTS_ “  ~  " 


VIOUSLY  GENERATED  DATA 


****** 

****** 


****** 

****** 


****** 


****** 

****** 


NOHEHCUTUBE 


7 1BIABLES : 


EHSIGK  {SEAN  LIFT  COEFfICENT 
TIP  7Eiccm 
DISK  1CADING 

ASPECT  fi AIIC«  HISTORIC ALLLY 


***** 

**« 

** 

** 

** 

** 

** 


ASS  DEED  TO  BE  LESS  THAN  21 


** 

** 


EQUALS  T8 
EQUALS  T I 


CCBRESPONEI NG  CISK  LCACING  AT  VT-700 

_  _ _ Lin  coet  at  vi-  bug 

C625  EQUALS  TEE  LIFT  COEF  AT  VT-625 

C650  EQUALS  TIE  LIFT  COEF  AT  IT-650 

‘  EQUALS  THE  LIFT  COEF  AT  VI-675 

EQUALS  TIE  LIFT  COEF  AT  VT-700 

C*«  4  «*******S***#*****«  ***»•******««•*#— **********41  *«*«««•*  **«...*•*«** 

“  ,C600  (10) ,C625(1  C) ,C650(10) , 


C 

C-— 


(5)  ,DVT4  (5)  , DVT5  (5) 


DEFINE  LATA  — * - 

LATA  DVT  1/2. 0  6,1. Mi, 2. 63,*.  74  ,1. 80/ 

CITA 
E  A I A 

data  »yf5/?;o5;2,«8;2;7o;2;82;2;s7/ 

» *$  #•  5  ••  6  #•// 


UU  1/4641  V  O  9  4  m  H4.  #  4>m  d  J  ,  f  *  •  O  v/ 

DVT2/2.Q7,j[.44,2„65,j.77,j.8  3/ 

dvt3/5. 87;j.4?;:.|?  ?. 79 '*-85/ 


C 

C 

C- 

C 


DATA  CLB^.3.. 

DATA  DL/2.,2. 

DATA  C60C/. 

DATA  C}?1' 

DATA  Cf 

DATA  C70C/.31  ,.33  ,.  3  5,.  37  39  4 1 4  3,. 45  47^ .49/ 


—  CALL  DISSPLA  BCUTINES  FOR  PLOT 


CALL  TEK618 
CALL  HEDBUF  , 

CALL  BESET  ( 3BALL 
CALL  HUSCAL  (*SCB 

CA _ 

CALL  _ , 

CALL  ABEA2D 
CALL  F  BABE 
CALL  SHZSSL 
CALL  BASALF 
CALL  niXALF 
CALL  I  NT  MS 
CALL  SHDCBB 


a  5fs;i 

LL  PHISQB  11,0-1.: 


ABC  ) 

(.90,  1, .015,1) 


CALL  HEIGHT  (-16) 

CAIL  HEIGHT  (.290) 

CALL  BESSAG  ( •  (H) iLICOPTER  (C) IBFET  (P) LOTSS • , 


100) 
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i-W* 
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c******** 
c**»**«** 
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GRAEHICA1  RELIC OPT  SR  DESIS  S  PROGRAM 
EASILY  OF  SOLUTIONS 
CAEEET  PLOT  NUMEER  4 
EY  AL  HANSEN 


****** 


THIS  P  BCG  RAH  IS  DESIGNED  TO  ILLUSTRATE  THE  FAMILY 
CE  SOLUTIONS  FOR  HOVER  AND  USEFUL  LOAD 
REQUIREMENTS  OF  A  TEETERING  ROTOR  SYSTEM 
WITH  ICTCS  CIAMEIER  AND  MAY  GROSS  BOONDRIES. 
OBSERVATION  CLASS  HELICOPTER 


****** 
****** 
****** 
******** 

C ********* *********************** **«*»**•* **************************** 
C*********** ********************* *•(*••***  ***************************  * 


VARIABLES: 


NOHENCI ATORE 


*** 
* 


IESIGK  BEAN  LIFT  CO EFI ICENT 
TIP  VELOCITY 
DISK  LOADING 

HEIGHT  IS  CALCULATED  RICE  POKER  EQUATION 
CSEFUl  LOAD  PLUS  EMPTY  WEIGHT 
ECUEB  AVAUAELE  IN  HCRSEPOHES 


c* 

c* 

c* 

c* 

c* 

•c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 


UALS  THE  DISK 
UALS  THE  DISK 
UALS  THE  DISH 
UALS  THE  DISK 
UALS  THE  DISK 


LOADING 

LOADING 

LOADING 

LOADING 

LOADING 


FCf  CLR-.3 
FCR  CIR«.« 

FCf  CLR*.5 
FCR  CLR-.6 
FCR  CLR-.7 

ALS  THE  SEIGHT  FOE  CLB-.3 

EQUALS  THE  SEIGHT  FOR  CLR-.4 

EQUALS  THE  HEIGHT  FOR  CLR«.5 

W6  EQUALS  THE  HEIGHT  FOR  CLR-.fi 

B7  EQUALS  THE  HEIGHT  FOB  CLR».7 

H VII  EQUALS  HEIGHTS  AT  VT-6Q0 

WVT2  EQUALS  WEIGHTS  AT  VT-625 

~  UALS  WEIGHTS  AT  VT-650 

UALS  WEJGH1S  AT  VT*t»75 

UALS  WEIGHTS  AT  VT-700 

UALS  TIE  CORRESPONDING  DISK  LOADING  AT  VT-60C 

UALS  THE  CORRESPOND! KG  CISK  LOADING  AT  VT-o2‘ 

UUS  TEE  CORRESPONDING  CISK  LOADING  AT  VT-6|( 

UALS  TEE  CORRESPONDING  CISK  LOADING  AT  VT-67* 

UALS  TEE  CCBRESPOHCING  DISK  LCACING  AX  VT*70? 

^QF  DISK  eCONDAHY 
C*  WBG  MAX  GROSS  WEIGHT  BOUNDARY 
C*’ . . 


WVIJ 

WVT4 

WVT5 

DVTi 

DVI2 

DVT.1 

DVT4 

DVT5 

Rce 


■  WV«5(S)  ,  DVT^  <S)  ,  ofl  2  (5)  ,  D  VT  3  {  s)  ,  D$T4  (5)  ,bh5  (5|  (2)  ,D2( 


(2) 

(2) 


DEFINE  DATA  - 
DATA  DL3/2.06 ,  t 

818  iftjL’ii; 
858  miVh'A 

DATA  WS/2440.72 
DATA  DL6/2.74.2 
DATA  W6/2424. b£ 
DATA  DL7/2. 30 ,  1 
DATA  W 7/241 1.  5 2 
DATA  W VT  1/250  5. 

"  IT*  U  Ulf  .Tn  ID 


-07,2, 

!K:i; 

Mi: 

:ii !: 
ill: 


•  «««  A 

_  . _ _  _  12467 

DATA  WVT2/247§.*,244 
DATA  WVT3/245S. 46,24 

.  !!:H 


rS/Ll 


“3; 


DATA  W VT 
DATA  W VT 

d ata  rntohM: 

DATA  DVT3/|.g7, 


.07,2 

:S?i 
:lhi 
'1:3 
:«:3 
:7M 
H?h 


3.42, 
1.44, 

DATA  DVTS/2. 05i2.47' 


n:l\ 


CITA  DVT 4/2. 0  7,; 


i-63  * 

Will 

*.69, 


_  07 , 2.05/ 

*.n:!^/8S'2a18*25/ 

^l:f2s^?9*72'2Jfl2*99/ 

399.50.2379.13,2364.65/ 

•  o 1 1  4*9  V 

383. |t,2$65. 10,2352./ 

5  h  slMiri  iSfiW*' 
ilif \&/ 


*  9  J  W  ••  « 

5.74, j 

4*  >i 


<*  W, 

<.79;:ias/ 

*.81  36/ 

2.81  ,2.87/ 


81 


c*** 

w«*« 

c*** 
c  *  *  » 
c**  » 
c*** 
c««* 
e**  • 
c»*  » 
c*«  * 
c*** 
c*«  » 

c*** 

c  **  * 

c  **  * 

c«*« 

c** 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

r. 

c* 

c* 

c* 

c* 

c* 

c* 

c- 

s: 

c* 

c- 

c* 

c« 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c- 

c* 

c* 

c**«* 


*•»•*■»  GRAPHICAL  HKLICCPTur  utaiu  •  rtUUftAH  <** 

I AKIIY  or  SOLUTIONS 
****  CABPZT  PLOT  NUflEER  5 

EY  AL  HANSEN 

•  THIS  PBCGB AM  IS  DESIGNEE  TO  1 1 1U ST BATE  THE  FAMILY 

CP  SCIUTICNS  FOR  HOVEE  AND  CSEEUL  LOAD 
*•*<  REQUIREMENTS  Or  A  TEETERING  BOTOR  SYSTEM 

****  WITH  BCTCR  CIA METER,  EAX  GROSS  HEIGHT  AND 


RATIO  6 
AT ION  CL 


•  c ha  unuaj  itiu 

BOUNDARIES. 

LASS  ilELICCPTPR 


NOHENC11TUSE 


variables: 


ELI  EC 


DL6  t. 

SS7iJ 

HU  ZQ 

H6  EC 
H7  EO 
HVTl 


CESIGN  BEAR  LIFT  COEF 2ICENT 
TIP  V  ZICCZTX 
C1SK  LCACIKG 

(EIGHT  IS  CALCULATED  PICR  POHEB  EQUATION 
DSEFDL  LOAD  PLUS  EMPTY  HEIGHT 
PCHE8  AVAILABLE  IN  HCBSEPOHEB 


IOALS  THE  DISK  LOADING  FCP  CLR-.3 
[  UALS  THE  CISK  LOADING  FOB  CLH-.U 
UALS  THE  CISK  LOADING  rCB  CLR-.5 
UALS  THE  DISK  LOADING  FCf  CLR-.6 
UALS  THE  CISK  LOADING  FCB  CLR-.7 
ILLS  THE  HEIGHT  FOB  CLR-.3 
I ALS  THE  HEIGHT  FOR  CLB-.u 


ALS  THE  HEIGHT  FOR  CLB-.U 
ALS  THE  HEIGHT  FOR  CLa«.S 
ALS  THE  HEIGHT  rOR  CLR-.6 
I  ALS  THE  HEIGHT  FOR  CLR-.7 


HVTU  E 
HVTS  E 
DVT1  E 
CVT2  E 
D  VT3  E 
CVTU  E 
D  VT5  E 
BCE  QO 
HBG  HA 
AB  WEI 
D3  DZS 


ALS  THE  HEIGHT  FOR  CLB* 
00 ALS  HEIGHTS  AT  VT-60C 
QUAIS  HEIGHTS  AT  VT-62* 
uD ALS  HEIGHTS  AT  VT-6SC 

ml  SI38SH  !t  ml  I 


mi  ? 


IUALS  THE 
[UALS  TEE 


HZ  CORRESPONDING  CISK  LOADING  AT  VT*60$ 
EE  CORRESPONDING  CISK  LCACIKG  AI  VT-62: 


COBB ESPOli Cl  NG  CISK  LCACIKG  AI 


CC3B ISPON  Cl  MG  il 


LOADING 


DUALS  THE  CCRB ESPONCI NG  CISK  LCACING  AT  VT-700 

TOR  DISK  ECUNCARX 

I  GROSS  HEIGHT  BOUNDARY 

GHTS  FOR  THE  ASPECT  RATIO  BOUNCARY 

K  LOADING  CCCS ISPON  Cl NG  TC  THE  ASPECT  BATIC  HEIGHTS 


C 

c - 


DEFINE  DAJA  - 

CATA  DLJ/1. 06 ,2. 07.2.07. 
MIA  9  3/2*0$*, <471.2,24$ 
CATA  DL*/  <u 

8SH 

8i«  ihfch  i:i!  !:M: 
Ii?»  St<&8sjf:S?‘h«: 
cSIt  IWCHiJJiHtlrH: 

DATA  HVI2/?U78.J,2UU2.95 

Ia|a  8Q(^8|]:|«;i3jS:9 
Elf  A  BVT5/2u16.;5!33E2. v 
DATA  DVT  1/2.06,2.52,2.63 


2.07,2.05/ 

241 9. §2,2399 .72 ,2362.99/ 

2  399l(C^379.13,23t>4.65/ 
|3|]:M;^5.10.23S2./ 

pSiffii: 
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THIS  PROGRAM  IS  EESICN  70  GENERATE  THE  CAT  A  rOR  THE  GRAPHTCA' 
awjuu  liON  ut  ip  c.  if  Hi  ANH  THf.  USETUI,  LCAD  EQUATION.  furs  TS  »u« 
fiiiSl  SUSP  i»  A  (.A* PET  PLOT  HELICOPTER  EESIGN  PARAMETRIC  OPTIMIZATION 


ASSOMP7IOHS: 


1>  INGIN  ISP EC If I EE 


V  ABX ABLE  OPTIONS 

II*ileEBCil'5Ail:c£,<1  #lt2#  K3  'K<4#  l‘S,B,S,A,P,M<10)  ,WB(10> 


CALL  FRTCBS  ('flLIElE  •  ,  •  02 
> '  EAT  A  ' ,  •  A  ') 


CALL  f HTCBS  ('JILIDEf  ','03 
>  'DATA  ' , ' A  ') 


',»  EISA 
~~  DISK* 


•,'cspti', 

”7”c5pT2”r' 


CL I*  DESIGN  MEAN  13IT  COEiriCIENT 
DC  90  CL*3.7 
CLS-CL*  (C.U 

SSiTpra*!LASlE  HP 
PA-206 

EL-  DISK  LOADING 

NT-  TIP  VELOCITY  IT/SEC 

CONSTANTS  BASIE  CK  CIB 

K1-J0.  95831 /Cl R*  <  1*  1  .8078  *CLB**2) 

imi  53  ^^,/clbmhi  . 8078  *CLR**2 ) 

KS*$?3i}®S*0/K1 

K5-3695.  7/JC  l 
DC  100  D-200,300 

EL-D*  (0.01) 

J‘2o  11C  VT-60C.70C.25 

ABB  AY  INCREMENTED 

-I*L 


N 

1/ 


neIgbt  EQUATION 

|^-i^|2*JJ-  («11.S1*CL**.75)  /<VT**1.  5)*  (1*KJ*VT/Ol**.5)  •*.  5) -K4) 


•EL**. 5) 
CALCULATION  Of  HE  EATA 


p«a**.5/v4 

S- <6.*DL) / (0. 0023679  *CL 3  *VT**2) 
ASS0BING  A  TAETEBJMG  SYSTEM 


110 

100 


10 

31 
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.  » w»wiwnwocirwr»rff.TFJivin  *rs  *y  wumuatwri:  *v  wj„m;  wj  vm 


TO  SBAPH 


j***t*»*“^"“*  jtt  > ;  ;  ;  41  *<•  »  i  <»#**-*♦•***- «•*«**«* 

s  43 .  t  jpAPi!.. A«  w  uIAIW  ini  n&iOhi'  rftun  Xrtt 

s  |SgICt  gXTIC  SBAE  g^XNTIBSECTION  ..SCXMT  DATA.  IN  ORDER  “  ~~ 

5  !» I  IS  ill  ”»  1  iH  { ?  3?,!ii8.cl5|S\ISSLS  mU» 

..}!!S.i5!85I.HiiSSHSS.iS!!8S!5iS}.S!85.,.i!5,Si!!E.!!0.S!i!i . 


ASSOESTIONSJ 


^1  >  ^  JN^I  NISPEfjIPI  Bt 


TlsriIi 


K  OPTIONS 


DATA 

sir 

OAT 


CALL  PBTCHS 
>  *  DATA 


:'iuidii  1 
>  M 


•03 


', • DISK 


1  «  'CRPT AH ' , 


DO  90 
SPITE 
WAITE 
WHITE 
PA-  - 


BU  HP 


!i-2disk  loading 
n-  tip  mocxii  11/sec 

CONSTANTS  BASIL  Ck  CIS 


:s(D**2) 

IC1U-CLH  ID  **2) 


90 


K1- (0.  9563) /CLB  II)  *  (Vi  .  807fl*ClB  1 

. . 

K5’,Hlllfll/EQUATICt 


CONTINUE 


FQHHAT 

FOBflAT 

FCBHAT 

FOB HAT 

FCBHAT 

STOP 

END 


STATEMENTS 

hM'Ai'"0-'"* 
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APPENDIX  D.  PROGRAMS  TO  ACCESS  HESCOMP 

This  section  contains  the  control  language  programs 
needed  to  access  HESCOMP  on  the  IBM  main- frame  computer. 
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APPENDIX  E:  HESCOMP  INPUT  AND  OUTPUT  EXAMPLES 


This  section  contains  samples  of  the  IBM  computer 
input  and  output. 
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